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Abstract. The eclipsing active binary SV Cam (G0V/K6V, P„.b=0. 593071 d) was observed with XMM-Newton during two 
campaigns in 2001 and 2003. No eclipses in the quiescent emission are clearly identified, but a flare was eclipsed during the 
2001 campaign, allowing us to strongly constrain, from purely geometrical considerations, the position and size of the event: 
the flare is compact and it is formed at a latitude below 65°. The size, temperature and Emission Measure of the flare imply an 
electron density of logra,; (cm"'')~ 10.6-1 3.3 and a magnetic field of ~65-1400 G in order to confine the plasma, consistent with 
the measurements that are obtained from density-sensitive line ratios in other similar active stars. Average emission seems to 
come from either extended or polar regions because of lack of eclipses. The Emission Measure Distribution, coronal abundances 
and characteristics of variability are very similar to other active stars such as AB Dor (KIV). 

Key words, stars: coronae - stars: abundances - stars: individual: SV Cam - stars: late-type - x-rays: stars - binaries: eclipsing 



1. Introduction 

The analysis of stellar coronae is commonly based on several 
aspects such as thermal structure, coronal abundances, stel- 
lar flares and analysis of eclipses. Since the first high res- 
olution spectra in X-rays and XUV it has become evident 
that low activity stars, such as the Sun, have a thermal struc- 
ture substantially different from that of active stars. Active 
stars, such as AB Dor or Capella are dominated by material 
at r ~ 10 MK, much hotter than the solar corona (T ~ 
2 MK), and d i splay a substantially l a rger ri u mber of flares 



/ MK), and d i splay a substantially l a rger ri u mber or flare 
jPupree et all Il993t ISchriiver et all Il995t iBowyeretal. 
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therein). The thermal structure found in active stars is normally 
interpreted as the combination of different fa milies of coro - 
nal loops (e.g. .Griffiths & Jordan. 1998 ; Jardine et al.L l2002l) . 
and it is reminiscent of the thermal structure found in some 
solar flares. The analysis of eclipses and rotational modula- 
tion raised the question on whether these loops with peak tem- 
perature around logr(K)~6.9 a re linked to a given coronal 
region su ch as the stellar poles (Brickhouse & Dupree, ' 19981 
ISchmitt & Fa vata. 1999). where photospheric spots are usually 
detected. One of the ways to get further insight in the knowl- 
edge of the coronae of active stars is to observe eclipsing bina- 
ries containing active stars, that may allow us to estimate the 
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size and geometrical position of the emitting regions and to de- 
rive other characteristics. Coronal abundances of active stars 
also tend to show a rather low abundance of low-FIP elements 
when they are compared to the solar photosphere, although 
comparison with their own photospheric values may result in 
a co mposition consistent with that of the photosphere of the 
star dSanz-Forcada et alll2004h . this still being an open debate. 

The eclipsing binary SV Cam (HD 44982) is a well- 
studied spectros copic RS CVn system at a distance of 85 pc 
jPerryman et all 119971). formed by a spectroscopic binary 
rG0V/K6V. iLehmann et all l2002l) and the likely presence of 
a thir d (less massive) body in a wide orbit ( Albavrak e t'all 
200 ll). SV Cam h as a short orbital period (Porb=0.593071 d, 
PoimanskH Il998l) . with locked rotation that causes enhanced 
stellar ac tivity in the system . SV C am has been detected by 
ROSAT ( iHempelmann et all 11997 *). but the low statistics of 
the observation did not allow us to clearly identify the pres- 
ence of eclipses in the X-ray band. Optical observations reveal 
the presence of spots in the primary star, but the low luminos- 
ity of the secondary (~15% of the total) does not all ow us to 
identify such features on the cool e r objec t ( Hempelmannetall 
Il997t iKiurkchieva et all l2002t IZboril & Diurasevid 120031 
and references therein). The Ha and Ca IR triplet profiles 
are filled in due to chromospheric activity in the secondary 
star (Monies et al., 1995; Poimanski, 1998; Kiur kchieva et all 
i200Z) . Recently. Jeffers (2005) found large polar spots in the 
photosphere of the primary star using Doppler imaging tech- 
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Fig.l. SV Cam light curves (MOS1+MOS2 and PN respec- 
tively) in the 2003 campaign, with 1-cr error bars. The up- 
per axis reports the orbital phase, with ro=HJD 2449350.3037 
corresponding to primary (GOV) star located behind the sec- 
ondary (K6V) star, and f orb=0.593071 d (Poimanski, 1998). 
Solid lines mark the times when photospheric eclipses take 
place. 
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Fig. 2. Upper panel: Same as Fig.[n but for the 2001 campaign 
(only MOS data are available). An eclipse in the flare, around 
(f) ~ 1.1, is displayed in the lower panel with a bin size of 300 s. 
Dotted lines indicate the phases used for the four contacts. The 
relative positions of the stars during the contacts are also indi- 
cated. 



niques, as well as the presence of smaller spots on the rest of 
the stellar surface (as is typical of active stars). 

The outline of this paper is as follows: Sect. 2 describes 
the observations along with a brief description of the analysis 
techniques; the results are explained in Sect. 3, followed by a 
discussion, and Sect. 4 presents the conclusions. 

2. Observations 

SV Cam was observed with XMM-A^evvfo« (P.I. F. Favata) in 
March 2001 (rev. #238) for 65 ks, but due to technical problems 
and high background part of the data were not usable, in par- 
ticular the PN data. The target was observed again in October 
2003 (rev. #700) for 67 ks. XMM-A^ewton carries out simul- 
taneous observation with the EPIC (European Imaging Photon 
Camera) PN and MOS detectors (sensitivity range 0. 15-15 keV 
and 0.2-10 keV respe ctively), and with the R GS (Reflection 
Grating Spectrometer. !den Herder et all 12001) (AA -6-38 A, 
/l/A/l ~100-500). The data have been reduced employing the 
standard SAS (Science Analysis Software) version 6.1.0 pack- 



age, removing in the RGS spectra the time intervals when the 
background was higher than 0.7 cts/s in CCD #9, to ensure a 
"clean" spectrum. Light curves were obtained by selecting a 
circle centered on the source in the EPIC-PN and EPIC-MOS 
images, and subtracting the background count rate taken from 
a nearby area (Figs.[2|3- In the 2001 campaign the EPIC data 
were split in three intervals due to high flaring background. In 
the PN, the third interval suffered from technical problems and 
therefore we display only the combined MOS1+MOS2 light 
curve (data from both detectors were obtained separately and 
then combined in the light curve after fixing the time shift 
present between MOS 1 and 2). Mid-resolution spectra were 
obtained with EPIC detectors in the range 0.3-10 keV, once 
the intervals with high background level were excluded. The 
average X-ray luminosity (Lx) was calculated from the PN 
spectra of the two campaigns (the whole interval was used for 
2003, and only the first interval for 2001), resulting in val- 
ues of Lx = 1.7 X 10^" and Lx = 2.4 x 10^° erg s"' in the 
range 6-20 A (0.62-2.1 keV) for 2001 and 2003 respectively, 
and Lx = 2.6 x 10^° erg s"' and Lx = 3.9 x 10^° erg s"' 
in the range 5-100 A (0.12-2.4 keV), the range covered by 
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Fig. 3. RGS 2 spectrum of SV Cam in October 2003. The dashed line represents the continuum predicted by the derived EMD. 
A false continuum is created by the extended instrumental line profiles. 



ROSAT/PSPC. This indicates an increase in the X-ray flux by 
^50 % between the two observations, with Lx/^boi = 5.6x10""^ 
and Lx/Lbo\ - 8.5 x 10 '* calculated over the 5-100 A range. 

The rich RGS spectrum taken in 2003 (Fig. |3} has been 
used to calculate the thermal structure (the Emission Measure 
Distribution, EMD) and coronal abundances of SV Cam, fo l- 
lowing the method described in ISanz-Forcada et al] (l2003b): 
line fluxes are measured in the RGS spectrum, and a trial 
EMD and a set of coronal abundances are combined with an 
atomic plasma model in order to compare observed and pre- 
dicted line fluxes. The EMD and abundances are then cor- 
rected to get the best approximation between the two sets of 
line fluxes values, and an iterative process is carried out in 
order to better determine the continuum position that is em- 
ployed to measure the line fluxes in RGS. The determination 
of abundances during the process is made as follows: only 
Fe lines are used initially to determine the EMD; then the 
abundance of Ne is fixed in the temperature domain where 
the EMD is known, and the EMD is extended afterwards to 
the rest of the temperature domain covered by Ne; the rest 
of elements are added sequentially following the same pro- 
cess. This assumes that the relative elemental abundances are 
constant throughout the corona. Such an approach has shown 
good consistency between results of the different detectors ca- 
pable of achieving h igh-spectral resolution of stellar coronae 
dSanz-Forcada et all Eo03bii) . In this analysis we have mea- 
sured the line fluxes (Table using the Interac t ive Sp ectral 
Interpretation System aSISr iHouck & Denicolal |2000) soft- 
ware package, through convolution of the spectral response. 
The measured line fluxes were then corrected for interstellar 
medium absorption (ISM) using a value of log A^H(cm"^) ~ 
19.7 (although such a correction has very little influence on 
the result). The EMD was reconstructed using a step in tem- 
perature of 0. 1 dex, the same employed i n the Ast rophysical 
Plasma Emission Database (APED v 1 . 3 . 1 . ISmithet aL .200 1 ) . 
the plasma atomic model used in our analysis. 



3. Results and discussion 

3.1. Light curves 

The light curves of SV Cam reveal a high level of variability in 
the corona of this system, with flares clearly identified in both 
campaigns (Figs.mjJ. In 2001 a drop in counts occurred while 
a flare was decaying, reaching the quiescent levels at phase 
(p ~ 1.1, and then returning to the flaring levels. We interpret 
this decay as an eclipse of the flaring region, with the totality of 
this region being occulted. The light curve of the hardness ratio, 
defined as HR-HardlSoft where Hard and Soft are the fluxes in 
the bands 1-10 keV and 0.3-1 keV respectively (Fig.|3 is sen- 
sitive to the changes in temperature. The flare is well identified 
by the rise in temperature, with a subsequent decay. During the 
eclipse, at ~ 1.1 the temperature drops to the level previous 
to the flare. The existence of two flares could also explain this 
behaviour, but two further arguments strengthen the hypothe- 
sis of an eclipse taking place: (i) the decay of the first peak 
changes suddenly to a much steeper one (at ~1.02); although 
some cases with two decays have been reported in the litera- 
ture, the second decay is always less steep than the first, while 
in the case of SV Cam we observe a steeper decay, something 
not observed to date; (ii) the light curve shows a strong symme- 
try between the points that we interpret as responsible for the 
4 contacts, a symmetry much more likely in an eclipsing phe- 
nomenon. Therefore, although we cannot completely rule out a 
sequence of two flares, we consider the hypothesis of an eclipse 
as the most likely. We can use this eclipse to derive some infor- 
mation of the flare, as we will explain in detail below. 

In the 2003 campaign (Fig. ^ the observation appears to 
take place during the decay of a flare, with a new flare devel- 
oping at ~ 1.6. We find no evidence of an eclipse in the 
light curve. Therefore, from the two campaigns we can con- 
clude that most of the coronal emission is not being occulted 
during eclipses, and therefore the non-flaring emission is either 
very extended or it originates at high latitudes on the primary. 
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Fig. 4. Hardness ratio (HR), defined as HR-Hard/Soft, where 
Hard and Soft are the fluxes in the bands 1-10 keV and 0.3- 
1 keV respectively. Note the drop in the HR during the eclipse, 
at<*~ 1.1. 



Regarding the variability of the source, we have made an 
analysis of the amplitude variability, defining amplitude as 
W = Lx/Lmin, where Liain is the assumed quiescent value of the 
light curves (corresp onding to the mode of the coun t rate dis- 
tribution), following ISanz-Forcada & Micela' ("2002). The am- 
plitude variability curve, shown in Fig. |5] tells us how activ- 
ity "behaves" in a star or group of stars. In Fig. [S] we com- 
pare the case of the two observations of SV Cam (each with 
its own Lmin) with the KIV active star AB Dor (Sanz-Forcada 
et al. , in preparation) and a group of M stars jMarino et all 
l200tf). The observations of AB Dor were made with same in- 
strument (EPIC MOS 1+MOS 2), during XMM-Newton rev- 
olutions #162, 205, 266, 338, 429 and 462. The M stars were 
observed with ROSAT in the range A£'=0.12-2 keV. Although 
the spectral range and time scale of the observations is differ- 
ent, a contrast between the variability in active M stars and that 
from the active G and K dwarfs SV Cam and AB Dor is quite 
evident. Results from EUVE (A£=0.07-0.15 keV) for the dM 
star AD Leo have shown very sim ilar results to those of ROSAT 
dSanz-Forcada & MicelaL l2002h . Among the two observations 
of SV Cam, in 2003 there is a higher level of emission, but 
a lower level of variability than in 2001. The latter is also re- 
markably similar to the average behavior of AB Dor 

The whole view of the variability in SV Cam shows an ac- 
tive star with a quiescent level rather difficult to identify, and 
with flaring activity going on in the two campaigns. No eclipses 
out of flares could be identified, but an eclipse during a flare has 
been observed, and it will be the subject of further analysis be- 
low. These light curves indicate that the "quiescent" coronal 
emission comes either from an extended region, or from high 
latitudes of the primary star. 

3.2. An eclipsed flare in SV Cam 

To determine the geometry of the occulted flare, we have con- 
sidered the four contacts of the eclipse, identified at phases 
1.024, 1.065, 1.118, 1.159 (Fig. |2} in the light curve with 300 s 
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Fig. 5. Normalized cumulative distribution of the amplitude 
(W - Lx/Ljnin) variability in SV Cam in the two observing 
campaigns, as measured in EPIC MOS1+MOS2 count rates. 
Also displayed are the ROSAT/PSPC (A£=0.12-2 keV) ob- 
servations of a sample of M stars (Marino et al., 2000) and 
the MOS 1+MOS 2 amplitude variability in observations of 
AB Dor (see text). 



binning. To simplify the problem, we assume that the emit- 
ting region has a spherical shape, and we characterize the flare 
with four variables: latitude (ff), longitude {A, with origin the 
meridian of the each star that is in front of the observer at 0=0), 
height over the center of the hosting star (/i) and the size of the 
spherical emitting region (^3). We have made a grid of values 
for the 4 variables, and we then calculated the times when the 
four contacts of the eclipse take place for each set of values. 
We considered as valid results those that agree within 300 s (1 
bin) with the measured times. There are four possible scenarios 
for the eclipse to happen: 

1 . primary star hosting the flare which is eclipsed by the sec- 
ondary, 

2. self-eclipse in the secondary star, 

3. self-eclipse in the primary star, 

4. self-eclipse by the primary star actually starting (first con- 
tact) when the second star hides the flare, and ending behind 
the primary. 

Possible solutions are plotted in Fig.|6land listed in TableQ] 
and we will refer to them as cases 1, 2, 3 and 4 according to this 
Table. 

We make use of the orbital data calculated by 
iLehmann et all 1I2OO2I) : Ri, /?2=1-18, 0.76 Rq, ai2=3.60 Rq 
(axis of the orbit), !=89.6° (we can safely assume /=90 to 
simplify equations). Mi, M2=1.09, 0.70 M© and circular 
orbits. The solutions found in the first two cases (flare hosted 
by primary or secondary, but eclipsed by the secondary) 
correspond actually to the same points in the 3-D space. The 
equations corresponding to the first case (primary star hosting 
a flare eclipsed by secondary) are: 

xi - —— asin((p), yi = 0, Zi — —— acos0 
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Fig. 6. Relative positions of the two stars (dashed lines) during first contact {(p- 1 .0240), as seen from the front (left panel) and top 
(right panel). The solid line marks the orbit of the stars around the center of mass, while three asterisks mark the central positions 
of the two stars at first contact, and the center of the orbit. All the possible results are represented with black points indicating the 
center of the emitting region (only the solutions in the northern hemisphere are represented). An example of the eclipsed region 
with a size of /?3=0.28 is shown in dotted line. 



xj, - xi + h cos{d) sm(<p + A), = yi + h sin(ff), 

Z3 = Z\ + h cos{6) cos{<p + A) 

where x, y correspond to the plane in front of the observer 
(Fig.|5}, and z is perpendicular to this plane (positive towards 
the observer), x^, y^, Z3 correspond to the position of the emit- 
ting region of the flare. In the first and fourth contacts the dis- 
tance between the center of the flare and the center of secondary 
star must be: 

Ai = ^(R2 + Ri)^-(y3-y2)^ 

and similarly, in the second and third contacts: 

A2 = ^{R2-R3)''-(y3-y2}^ 

Thus, in the four positions we will have four equations: 
xj, — X2 + A\, x-i — X2 + A2 x-i — X2- A2 x-i — X2- Al re- 
spectively, that we can use to calculate numerically the times 
of the four contacts for each point of the grid. Some geo- 
metrical constraints can be added to ensure the totality of 
the eclipse (373 + Rt, < y2 + R2) and a valid position in z 
(Z3 + -y/(7?2 + ^3)^ - (yi - ^2)^ < 22)- Similar equations can be 
easily derived for the other cases. An additional constraint was 
imposed in the cases 3 and 4, the only scenarios in which h 
reaches values larger than a: the centrifugal force must be lower 
than the resulting gravitational forces of the two stars. In this 
way, h+Rj, must be lower than ~3.6 Rq. The results found are 



shown in Tableland in Figs.l9landllOI . The trends relating the 
diff'erent variables are: in case 1, for an increasing h, R3 and A 
decrease, and 6 increases; for the other 3 cases an increase in h 
yields an increase in R3 and a decrease in 6, with no trend for 
A. 

We can also estimate the electron density (rig) of the emit- 
ting region by calculating the Emission Measure (EM) be- 
fore ((p $0.6) and during the flare prior to the eclipse ((p ~ 
0.87 - 1.02) through a fit of the MOS spectra. A fit using 3 
temperatures resulted in an average value of log T (K)=7.17 
and log EM (cm"^)=53.17 in quiescence and logT (K)=7.22 
and log EM (cm"^)=53.38 during the flare. Since we can de- 
fine EM~ 0.8 nl V, it is possible to get the density from the 
net flare EM, using V - 47t/3RI (see Table^. If we consider 
that the magnetic pressure, B^/(Sn), should be at least as large 
as the electron pressure (Itif-kT), we can get the minimum mag- 
netic field necessary to have a stable structure in the flare. 

The analysis of the eclipse leads to several interesting con- 
clusions: (i) the flare takes place at regions with 6 ^ 65°; (ii) 
the emitting region is compact in size (R3 % 0.41 Rq), implying 
values of the electron density consistent with those calculated 
from the Chandra and XMM-A^ewfo« spectra of active stars at 
different temperatures cSan z-Forcada et al., 2003b; Ness et'all 
bOO^Irbsta et all [2004!) : (iiil the emitting region is not neces- 
sarily attached to the surface of the star (the minimum h found 
- in case 2 - implies also the minimum size and the highest 
values of density) and therefore the loop of the flare likely has 
its emission concentrated in the apex. 



' These figures are available in electronic version only. 
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Table 1. Range of possible solutions (northern hemisphere only) of the eclipse of a flare in 2003. 



Flaring star 


Eel. star 


on 


AC) 


A(Ro) 


R3 (Rg) 


log«c (cm ') 


S(G) 


Pri 


Sec 


0-14 


4.7-55.7 


1.91-3.28 


0.012-0.41 


10.6-12.9 


66-930 


Sec 


Sec 


0-65 


145.1-149.1 


0.83-2.99 


0.006-0.41 


10.6-13.4 


66-1600 


Pri 


Pri 


9.7-62 


145.1-149.1 


1.31-3.30 


0.013-0.37 


10.7-12.8 


72-880 


Pri 


S+P 


12-18 


145.0-147.6 


2.77-3.36 


0.20-0.36 


10.7-11.1 


74-110 


All results 


0-65 


-5-56 or -146 


0.83-3.36 


0.006-0.41 


10.6-13.4 


66-1600 



3.3. Eclipses and flares 

There are a few cases in the literature where the flares have 
been eclipsed. Such an event is very useful to constrain some 
of the characteristics of the flaring region. The technique most 
commonly used derives the position of the flare from the whole 
eclipse light curve. This was the case of two flares i n the sec- 
ondary star of Algol (B8V/K2IID: ISchmitt & Favatal ( ll999l) us- 
ing BeppoS AX, observed a flare in a polar region (there was no 
rotational modulation), with a loop height/size ^0.6 R, (2 Rq), 
resulting in densitie s of at least -10" cm"^ and B ^ 500 G; 
ISchmitt et alJ ( l20()3 l) using a more detailed analysis, studied an- 
other flare in Algol observed with XMM-Newton, resulting in 
a nearly equatorial location with loop heights ~0.1 R* (0.3 R©) 
and densities of several times 10^' cm"^, resulting again in 
B ~ 400 G as the minimu m to accommodate the elec tron pres- 
sure found. More recently, iMitra-Kraev et alJ ( l2005l) used the 
oscillations observed in a flare of the dM star AT Mic to con- 
strain the flare loop length to -0.36 R© and B ~ 100 G. The first 
case reported in the literature was an an alysis of an A SCA light 
curve with lower statistics of VW Cep dChoi & Dotani>.1998) . 
The authors use rather qualitative assessments, and the ingress 
and egress times of the eclipse, to conclude that the flare should 
be occuring near the pole, at a height/size of 0.5 R, (-0.5 R©) 
and S - 80 G. 

Although the techniques employed do not result in an ex- 
act determination of the geometry of the loop, all these studies 
need for a large (at least 100 G) magnetic field in order to ex- 
plain the presence of loops that have a relatively compact sizes. 
We will apply the technique used for SV Cam to the analysis 
of these flares in a future publication (Sanz-Forcada et al., in 
preparation). 



3.4. Thermal structure and abundances 

The analysis of the thermal structure reveals an EMD 

I Fig. m Table 13 very s imilar to the other active stars 
Sanz-Forcada et all l2003al) . in which the EMD is dominated 
by a peak of material at log r(K)-6.9 with strong dependency 
on the rotational period of the star, and with a large amount of 
material at higher temperatures in the case of SV Cam that is 
also supported by the detection in the EPIC-PN spectrum of 
the Fe xxv complex at 6.7 keV. In this case the lack of statistics 
prevents the measurement of the O vii He-like triplet that would 
be useful to determine the electron density at log r(K)-6.3. 

Coronal abundances (Table |3 Fig. |S} are not as 
metal-deficient relative to the Sun as they are for other 
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Fig. 7. Emission Measure Distribution of SV Cam in Oct. 2003. 
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point). Small numbers indicate the ionization stages of the 
species. The observed to predicted line flux ratios for the ion 
stages in the upper figure are plotted in the lower figure. Dotted 
lines denote a factor of 2. 



active stars 

|2003* 'S anz-Forcada et al 



("Huenemoerder et al.', 
2003b. 



200U 
200l 



lAudard et all 
although a 

[Ne/Fe1 =0.40+0. 1 3 is lower than for other stars of its ac- 
tivity level (e.g., iDrake et'all l200ll) . If we consider the 
uncertainties, most values are consistent with solar photosperic 
abundances. Most of the uncertainty comes from the determi- 
nation of the Fe abundance, given the difficulties in setting the 
continuum in the RGS spectrum. The rest of the abundances 
were all calculated relative to Fe, therefore any shift in its 
value will affect the others. The lack of information on the 
photospheric abundances of S V Cam prevents us from drawing 
any conclusions on the changes in abundance pattern taking 
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Table 2. Emission Measure Distribution of SV Cam in Oct. 
2003. 



Table 3. Coronal abundances of the elements ([X/H], solar 
units) in SV Cam. 



logr(K) log I N^NijdV (cm-^y 



6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 
7.4 
7.5 
7.6 



51.50: 
50.40: 

50.80!«;^« 
51.00!«i§ 
50.70!«;J° 
50.80!«;J° 
51 10+°-20 

51 40+"o 

CT TC+O.OO 

JZ.. / J Q QQ 

52 50+" 
52 60+" 
52 45+" '^ 

-^-0.25 

52 30+°^° 
52 00+° ^° 
51.20: 
49.60: 



"Emission Measure, where A'^ and are electron and hydrogen den- 
sities, in cm"^^. Error bars provided are not independent between the 
different temperatures, see text. 



n I I r 

SV Cam 



X 


FIP 


Reference" 


[X/H] 




eV 


solar value 


SVCam 


Ni 


7.63 


6.25 


0.48±0.12 


Mg 


7.64 


7.58 


-0.09+0.20 


Fe 


7.87 


7.67 


-0.20+0.20 


Si 


8.15 


7.55 


-0.16+0.39 


S 


10.36 


7.21 


-0.31+0.35 


C 


11.26 


8.56 


-0.08+0.25 


o 


13.61 


8.93 


-0.02+0.13 


N 


14.53 


8.05 


-0.10+0.16 


Ar 


15.76 


6.56 


-0.40+0.45 


Ne 


21.56 


8.09 


0.20+0.13 



" Solar photospheric abundances from lAnders & Grevess3 il989h . 
adopted in this work, are expressed in logarithmic scale. Note 
that several values have been upd ated in the literature, most no- 

O (now 



~8.7.lAllende Prieto et al. 


l200lllHolweseill200lh 


lAUende Prieto et alll2002 


). 



Mg 



Fe Si S C O 
Element (increasing FIP) 



size and location of the emitting region of the flare. We found 
that the flare is compact (Rt, ~ 0.01 - 0.4 Rq), thus implying 
a range of electron densities that is consistent with the values 
calculated from line ratios at different temperatures for active 
stars. While the quiescent emission of the corona seems to be 
extended or concentrated at high latitudes, the eclipsed flare 
ha s g $ 65°, in contrast wit h the polar flare observed in Algol 
bvlSchmitt&Favatal(ll999l). 
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Fig. 8. SV Cam coronal abundances in Oct. 2003. 
Dashed line indicates s olar photospheric abundances by 
lAnders & Grevessel ( ll989l) . 



place i n the corona, as it has been shown in lSanz-Forcada et all 
4. Conclusions 

The corona of SV Cam has shown a very similar thermal pat- 
tern to all the active stars, and although coronal abundances 
were calculated, no conclusion can be drawn due to the lack 
of information on the photospheric abundances. The most in- 
teresting information on SV Cam comes from its light curves. 
The SV Cam corona was shown to be variable, with a change 
in flux of at least ~ 50% in 36 months, and several flares. No 
coronal eclipses have been unequivocally identified during qui- 
escence, but the eclipse of a flare allowed us to constrain the 
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Table 4. XMM/RGS line fluxes of SV Cam" 



Ion 



■imodel log Tg,, 



Fobs S/N ratio Blends 



Sixm 
Sixm 
Mgxn 
Mgxi 
Mg XI 
Fe XXI 
No id. 
Nex 
Fe XXIV 
Fexvn 
Fexxm 
Fe XXIV 
Fe xvu 
Fe xvm 
Fe xvm 
Fe xxn 
Fe xxn 
Nex 
Fexxi 
Nixix 
Fe XX 
Fe XX 
Fexx 
Neix 
Fexix 
Neix 
Fexix 
Fexxi 
Fexvm 
Fe xvm 
Fe xvm 
O vm 
Fe xvn 
O vm 
Fexvn 
Fexvn 
Fexvm 
Fexvm 
O vm 
Fe xvn 
Fe xvn 
Fe xvm 
O vn 
O vm 
Caxvi 
O vn 
O vn 
N vn 
Arxvi 
C VI 
C VI 
S XIV 
C VI 



6.6479 
6.7403 
8.4192 
9.1687 
9.2312 
9.4797 
10.0200 
10.2385 
10.6190 
10.7700 
11.0190 
11.1760 
11.2540 
11.4230 
11.5270 
11.7700 
11.9770 
12.1320 
12.2840 
12.4350 
12.8240 
12.9650 
13.1530 
13.4473 
13.5180 
13.6990 
13.7950 
14.0080 
14.2080 
14.3730 
14.5340 
14.8205 
15.0140 
15.1760 
15.2610 
15.4530 
15.6250 
15.8700 
16.0066 
16.7800 
17.0510 
17.6230 
18.6270 
18.9671 
21.4500 
21.6015 
22.0977 
24.7792 
24.9910 
26.9896 
28.4652 
30.4270 
33.7342 



7.0 
7.0 
7.0 
6.8 
6.8 
7.0 

6.8 
7.3 
6.8 
7.2 
7.3 
6.8 
6.9 
6.9 
7.1 
7.1 
6.8 
7.0 
6.9 
7.0 
7.0 
7.0 
6.6 
6.9 
6.6 
6.9 
7.0 
6.9 
6.9 
6.9 
6.5 
6.7 
6.5 
6.7 
6.7 
6.8 
6.8 
6.5 
6.7 
6.7 
6.8 
6.3 
6.5 
6.7 
6.3 
6.3 
6.3 
6.7 
6.2 
6.2 
6.5 
6.1 



1.84e-14 
3.00e-14 
3.48e-14 
1.42e-14 
3.31e-14 
2.23e-I4 
2.03e-I4 
1.82e-I4 
2.84e-14 
6.05e-15 
3.16e-14 
1.47e-14 
1.96e-14 
2.41e-14 
8.50e-15 
5.77e-14 
1.67e-14 
1.24e-13 
3.47e-14 
3.23e-14 
4.23e-14 
3.63e-14 
3.13e-14 
3.46e-14 
5.84e-14 
3.03e-14 
4.04e-14 
2.60e-14 
4.72e-14 
2.47e-14 
l.lOe-14 
8.96e-15 
8.14e-14 
2.23e-14 
3.15e-14 
6.95e-15 
1.63e-14 
7.83e-15 
6.63e-14 
3.19e-I4 
5.85e-I4 
9.60e-15 
3.19e-15 
1.18e-13 
4.14e-15 
2.32e-14 
1.14e-14 
8.87e-15 
8.61e-16 
1.77e-15 
3.36e-15 
1.79e-15 
l.lle-14 



3.9 
3.7 

5.3 
5.4 
8.4 
7.1 
5.1 
7.0 
6.7 
3.1 
7.3 
5.1 
5.9 
6.5 
3.8 

10.5 
5.7 

15.8 
8.4 
8.2 
9.4 
8.4 
7.7 
8.8 

11.5 
8.4 

12.9 
7.8 

11.9 
6.6 
5.3 
6.6 

19.8 
9.9 

11.6 
4.9 
9.0 
6.3 

18.3 

12.8 

14.9 
7.0 
2.9 

17.3 
3.3 
7.8 
5.4 
6.1 
2.2 
3.2 
2.9 
2.9 
7.0 



-0.27 
0.31 
-0.00 
-0.16 

0.25 
0.35 

-0.08 
0.08 
-0.53 
-0.01 
-0.07 
0.12 
0.07 
-0.40 
-0.08 
0.1 1 
0.15 
-0.20 
0.00 
-0.24 
0.0 1 
0.00 
-0.18 
-0.02 
0.05 
0.04 
-0.19 
-0.17 
-0.17 
-0.25 
0.06 
-0.13 
0.06 
0.12 
0.03 
0.14 
-0.16 
-0.09 
-0.05 
-0.07 
-0.03 
-0.42 
-0.16 
0.30 
0.14 
-0.01 
0.00 
0.00 
0.30 
0.13 
-0.02 
-0.09 



Sixm 6.6882 

Mgxn 6.7378, Sixm 6.7432 
Mgxn 8.4246 

Fexxi 9.1944, Nixix 9.2540, Fexxn 9.2630, Mgxi 9.3143, Nixxv 9.3400 

Nex 9.4807, 9.4809 
Naxi 10.0232, 10.0286 
Nex 10.2396 

Fexix 10.6414, 10.6491, 10.6840, Fexvn 10.6570, Fexxiv 10.6630 
Nixxm 10.7214, 10.8491 , FexK 10.8160 
Fexxm 10.9810, Fexxiv 11.0290 
Fexvn 11.1310, Fexxiv 11.1870 

Nixxn 11.2118, Fexxiv 1 1 .2680, Fe xxm 11.2850, Nixxi 11.2908 
Fe xxn 1 1 .4270, Fe xxiv 1 1 .4320, Fe xxm 1 1 .4580 

Fexvm 11.5270, Fexxn 11.4900, Nixix 1 1 .5390, Ni xxi 11.5390, Neix 11.5440 
Fexxm 11.7360, Nixx 11.8320, 11.8460 
Fexxn 11.9320, Fexxi 11.9750 
Nex 12.1321 
Fexvn 12.2660 

Fexxi 12.8220, Fexx 12.8460, 12.8640 

Fexx 12.9120, 12.9920, 13.0240 , Fexix 12.9330, 13.0220, Fexxn 12.9530 
Fexx 13.1370. 13.2740. Fexxn 13.2360, Fexxi 13.2487,Nixx 13.3090 
Fexx 13.3850. Fexix 13.4230, 13.4620 
Fexix 13.4970, Fexxi 13.5070, Neix 13.5531 
Fexn 13.6450, 13.6752, 13.7315, 13.7458 
Fexx 13.7670, Nixix 13.7790, Fexvn 13.8250 
NixK 14.0430, 14.0770 
Fexvm 14.2560, Fexx 14.2670 

Fexx 14.3318, 14.4207, 14.4600, Fexvm 14.3430, 14.4250, 14.4392 

Fexvm 14.4856, 14.5056, 14.5710, 14.6011 

Fexvm 14.7820, 14.7867, O vm 14.8207, Fexx 14.8276 

Fexix 15.0790 

O vm 15.1765, Fexix 15.1980 

FexEt 15.4136, Fexvm 15.4940, 15.5199, Fexx 15.5170 
Fexvm 15.8240 

Fexvm 16.0040, 16.0710, 16.1590, O vm 16.0055, Fexix 16.1100 

Fexvn 17.0960 

Caxvin 18.6910 
O vm 18.9725 
Caxvi 21.4410 
Caxvi 21.6100 
Ca xvn 22.1140 
N vn 24.7846 

Arxvi 25.0130, Arxv 25.0500 
C VI 26.9901 
C VI 28.4663 

C VI 33.7396 



Line fluxes (in erg cm ^ s ^ ) measured in XMM/RGS S V Cam spectra, log indicates the maximum temperature (K) of formation of the line (unweighted by the EMD). "Ratio" 
is the log(Fobs/f'pred) of the line. Blends amounting to more than 5% of the total flux for each hne are indicated. 
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Fig. 9. Left: Results in case 1 (primary flaring, secondary eclipsing). Right: Results in case 2 (self-eclipse in secondary). 
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Fig. 10. Left: Results in case 3 (self-eclipse entirely in primary). Right: Results in case 4 (primary flaring, eclipse starts in 
secondary, ends in primary). 



